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@ Wavefonn displaying device. 



@ A wavefonn displaying device. In which a meaaired analogue signal is converted into a dUgM signal 
kyy means of an analogue to digital converter and thereafter the digital signal is direcOy inputted in a 
display device (19) such as a raster scanning display, a liquid crystal display device, effecting the display 
while controlling the t>r^htness of pixels so as to reproduce to display waveform of the measured 
analogue signal. In the present device the tn^htness of pixels Is varied, depending on slew rate of the 
waveform, so that the tirightness of interpolation lines Is increased, when (fifferences between inputted 
wavefonn data are small, and the brightness is decreased, when the deferences are small. Further 
places, where the densKy of waveforms is high, are (fisplayed brjghtly by accumulating the brightness 
thereof. In this w^, since peculiar points in the waveforms such as pcints, at which the phsee^ the 
frequency or the arnpfitude is varied, are displayed as points, at which the brightness is varied. It Is 
possible to find easOy these points and further observation Is easy, ateo in ttie case where a matJlber of 
wavefonms are displayed, superposed on each (4her. 
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BACKGROUND OF THE INVENTION 

Fieid of the Invention 

The present invention relates to a wavetbnn dis- 
playing device, which can be utilized for a digital oscD- 
loscope, etc. reprodudng to display waveform of a 
measured analogue signal on the basis of wavefomn 
data, into which the measured analogue signal is dtgi- 
tal-Gonverted. 

Description of the Related Art 

A waveform observing device such as a digital 
oscilloscope, etc. is provided with an analogue to digi- 
tal converter, a waveform memory and a wavefonn 
displaying device, it stores waveform data obtained 
by converting an observed analogue signal intoa digi- 
tal signal with a pred^rmined period by means of the 
analogue to digital converter in the waveform merm>ry 
and reads out the waveform data stated at>ove at 
need from the waveform memory to transfer them to 
the waveform displaying device in order to reproduce 
to display the waveform of the measured analogue 
signal described above. Heretofore the wavefonm dis- 
playing device converts digital waveform data into an 
analogue signal by means of a digital to analogue 
converter and effects the reproduction and the display 
of the waveform by using this analogue signal as a 
deflection signal for a CFH*. However, if a number of 
different waveforms are displayed by such a 
waveform displaying device, the scanning di^nce 
with a t>eam in the CRT l>ecomes long and the display 
brightness is reduced. Further, since it is necessary to 
sweep the beam vwth a high speed in order to prevent 
fluctuations in the display, the CRT is restricted to be 
of electrostatic d^lection type. The depth of an 
electrostatic deflection type CRT is great with respect 
to the display area and it cannot be desired to reduce 
the size of the device. 

On ttie other hand, recently a waveform display* 
ing device provided with a pbcel menrmy and a display 
device, in which the display is effected by controlling 
brightness of pixels; e.g. a raster scanning display or 
a liquid crystal display, is used in practice. The 
waveform displaying device stated above is so con- 
structed that Interpolation processing is executed be- 
tween different waveform data by a CPU; the 
wavefonm is fraced in the pbcel menrx)ry; and the 
wavefonn is reproduced to be displayed by transmit- 
ting successively brightness Inftmnation stored in this 
pixel memory to the display device. 

When the wavefonn displaying device described 
above is used, in the case where a numberof different 
waveforms are displayed, since these waveforms are 
synthesized in the pbcel memory, the brightoess of the 
display is not reduced. Furth^, the depth of the raster 
scann&ig cfeplay or the liquid crystal display Is smaller 



than that of the electrostatic deflection type CRT, 
which makes it possible to reduce tte size of the 
device. 

However, since the display resolving power of the 
5 raster scanning display or the liquid crystal display is 
not so high, in the case where the number of 
waveform data is greater than the numt>er of display 
pbcels, a method, by which the maxbnum value and 
the minimum value are detected for every predeter- 
10 mined period of time and only interpolation lines con- 
necting these data are displayed are used. By such a 
mettiod, since many waveform date have kieen 
already thinned out much infonmatton is lost When K 
is displayed, a unifbnn band is fomied and therefore 
15 fits impossible to find variations in the slew rate and 
the phase. 

SUMl^Y OF THE INVENTION 

20 The present invention has t>een done in order to 
solve the problens of the conventional technique des- 
cribed above and the objectthereof is to provide an 
excellent waveform displaying device capable of dis- 
playing wavefonm date of large quantify, without los- 

25 ing any information which they have. 

I n order to achieve the above object a waveform 
displaying device according to the present invention, 
which reproduces to display a wavefmn of a 
measured analogue signal on the basis of waveform 

30 data, into which the measured analogue signal is dlgi- 
tel-converted by means of an analogue to digital con- 
verter, is characte ri ze d in that it comprises displaying 
means for effecting the display whOe controlling the 
brightness of pixels; a pixel memory for outputting the 

35 brightness of pbcels to ttte displaying means stated 
above; interpolation line brightness generatir^g means 
for obtaining the brightness of each of Interpolation 
lines by using differences t>etween inputted waveform 
date; and brightness accumulating means for 

40 accumulating the brightness of the interpolaticm lines 
from the interpolation line br^htness generating 
means stated alKsve in the corresponding pbcels in the 
pbcel memory. 

In this way, according to the present invention, 

45 the brightness is varied, depenciing on the stew rate 
of wavefonm, if the brightness erf the relevant interpo- 
lalion line is increased, e.g. when difforenoes t>e- 
tween wavefonn date are small, and on the contrary 
the br^hteess of the relevant interpolation line is deo 

50 reased. when the differences are great Further, 
places where the den^of wav^brm is hfgh are dis- 
played brightly by the accumulation of the brightness. 
That is, since variations In the wavefonm are displayed 
tog^er with information on the t)rightness, it is poss- 

55 ibie to disptey waveform date of large (luanfity even by 
using a display device having a low resohfteg power. 
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BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 IS a schematical block diagram showing a 
wavefMm dlsplayfaig device In an embodiment of the 
pfBsent invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

HdfBtnbelow the present invention wBI be exp- 
lained, rafening to the drav^ng. 

Fig. 1 Is a block diagram Indicating an embodi- 
ment of the wavefomfi displaying device according to 
the present inventkxi. 

In Fig. 1, a waveform nieniory 10 takes waveform 
data Dd from an analogue to digital converter to store 
thenfL TTie waveform data stored in the waveform 
memory 1 0 are Inputted In a subtracter 1 1 . a D fiipflop 
(hereinbekiw caOed "DFF^ 12 and an interpolation 
line generator 13. The DFF 12output8 waveform data 
Va preceding dliecHy waveform data Vb. These 
%i«vefoim data Va are biputted En the subtracter 11 
and the interpdatkin line generator 13. In this way the 
subtracter 11 calculates the difference Vd between 
the wavefonm data Va and the waveform data Vb 
inputted therein to output it This difforence output Vd 
of the subtracter 11 b inputted in an address of a 
brightaiess calcidating ROM 14. The ROM 14 outputs 
brightness data Sb of an interpolation line, responding 
to the difference. Vd. The brightness data Sb des- 
cribed above is biputted in an adder 15. Here thesub- 
etracter 11. the DFF 12 and the ROM 14 constitute 
intarpoiatk>n line brightness generating means J. 

The interpolatkxi line 13 generates successively 
vertical addresses for all the pb(els corresponding to 
ttie interpolation line of the inputted waveform data 
from Va to Vb. The eddresses gen^ated by the inter- 
polation line generator 13 are inputted in vertical 
acktress Av of the pixel memory 16. A horizontal 
oounter 17 specifies the horizontal positfon of the 
interpolation line and the output of this horizontal 
oounter 17 Is Inputted in hortzontal address Ah of the 
pixel nramory 1 & The pixel ntemory 1 6 outputs bright- 
ness data Di of the pbcels specified by the vertical 
addrsss Av and the horizontal address Ah. These 
brightness data Diare Inputted in alatch 18 and held 
therem. The output of the latch 18 is inputted In an 
adder 15 to be added there to brightness data Sb of 
the interpolatfon line. This adder 15 and the latch 18 
constitute brightness accumulating means K. 

The output of the «Mer 15 is written in the pixel 
memory 1 6 as the brightness data for the pixels speci- 
fied by the vertical address Av and the horizontal 
iKklress Ah descried above. The display device 19 
reads out successrveiy the brightness data Sv from, 
the pbcel iromory 1 6 to display them. 

The waveform di^aylng device constructed as 
described above win be explained, referring to Rg. 1. 



The wavefonm data converted into a digital signal 
by means of an analogue to digital converter, with a 
prsdetennined period are stored in the wavefbmn 
memory 10. When wavefonn data for one frame are 
5 written in the waveform menriory 1 0, it outputs succes- 
sively the waveform data Vb for the display. The 
wavefonn data Vb are Inputted in the subtracter 11. 
the DFF 12 and the interpolation line genmtor 13. 
The DFF 12 outputs the wavefonn data Va preceding 
10 directly the waveform data Vb outputted by the 
wavefonn memory 10. in this way. the subtiacter 11 
calculates the difference Vd « Vb - Va between the 
two waveform data sets. 

The br^htness of the interpolation line \s calcu- 
IS lated by inputting the difference Vd of the waveform 
data In the ROM 14. The brightness I calodated by 
using e.g. a following formula; 

I « k/|Vd| + 1 (1) 
is written in the ROM 14 in the fonn of a teble. 

In this Eq. (1) | Vd I represente the absolute value 
of the difference of the waveform date and k Is a con- 
stant 

By the method as described in the above example 
the part, where the slew rate of the waveform is high, 
is displayed darldy and the part where the slew rate 
Is low. is displayed brightly. The brightoess date Sb 
are inputted in the adder 15. 

In the case where the wavefonn is reproduced to 
be traced in the pbcel memory 16. it Is necessary to 
interpolate ttie wavefonn date by using a line. In the 
case where the number of wavefonn date sate in one 
frame is greats than the number of display pixels in 
the horizontal direction, the interpolation line is a 
straight line in the vertical drection. Consequently, in 
order to trace an interpolation line from the waveform 
date Vb to Va. the brightness of the interpolation line 
may be written in all the pbcels In the vertical direction 
firomVbtoVa 

In order to realize it. the Interpolation line 
generator 13 generates successively vertical address 
Av from the inputted waveform date Vb to Va The ver* 
tical address Av described at>ove and the horizontal 
address Ah generated by the horizontal oounter 17 
are Inputted in the pixel memory 1 6. In this way all the 
pixels of the interpolation line are accessed one after 
ano^er and the brightness of each of the pixels is 
Increased by the respective brightness of the interpo- 
lation line by tiie latch 18 and the adder 15. In ttie case 
wtiere the number of wav^brm date sete in one frame 
is n times as great as the number of display pixels in 
the horizontal direction, n Interpolation lines in the ver- 
tical direction are wrftten In a same horizontal 
address, superposed on each otiier. In order ttiat no 
brighteess information Is lost by the superposed writ- 
ing, ttie brightness Is axunHilated by ttie latch 1 8 and 
the adder 15. When one int^poiation line has been 
once traced, ttie output of ttie DFF 12 Is updated and 
the wavefonn memory 10 outputefbllowing wavefonn 
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data. 

Thereafter suoceeding Interpolation lines are 
traced in the same manner as described above. In the 
case where the number of wavefonn data sets in one 
frame is n times as great as the numt}er of display 5 
pixels in the horizontal direction, as described previ- 
ously, every time n interpolation lines are traced, the 
horizontal address Ah in the horizontal counter 17 is 
incased by 1 . When the trace of one frame Is termi- 
nated, the brightness inlbnmation is transfenred to the io 
display device 19 to be displayed there. 

In the case where a mimb^ of wavefbnns are dis- 
played, if the waveforms are accumulated In the pbcel 
memory on each other, parts where waveforms are 
superposed are displayed brightly. f 5 

As deariy seen from the embodiment described 
above, according to the present invention, since the 
brightness of the interpolation line Is varied, depend- 
ing on the slew rate and the brightness is accumulated 
by superposing interpolation lines, even In the case 20 
where a dense waveform having a high frequency is 
displayed, points, at which the phase, the frequency 
or the am^riitude is varied, are displayed as points, at 
which the brightness is varied, and therefore an effect 
can be obtained that it is possible to find easily pecul- 2$ 
iar points in the waveform, further, according to the 
present invention, it Is possible to display a number of 
waveforms and another effect can be obtained that 
observation is easier, because superposed parts 
become dearer. 30 



said interpolation line brightness generating 
means is inputted in said brightness accumulat- 
ing means so that variations in slew rate are also 
displayed by t>rightness modulation. 

3. A waveft>nn(i displaying devtee, which reproduces 
to display a waveform of a measured analogue 
signal on the basis of waveform data. Into which 
the measured analogue signal is digital-conver- 
ted by means of an analogue to digital converter, 
comprising! . 

displaying means (1 9) for effecting the dis- 
play while confinolling the brightness of pixels; 

a pbcel memory (16) for outputtbig the 
brightness of pbceis to said displaying means; 

interpolation line brightness generating 
means (J) for obtaining the brightness of each of 
interpolation lines by using differences t)etween 
inputted waveform data; and 

brightness accumulating means (IQ for 
accumulating the t>rightness of the interpolation 
lines from said interpolation line br^htness 
generating means in the oonesponding pboels in 
said pfocel memcxy. 



Claims 



1 . A waveform displaying device, which reproduces 35 
to display a wavefonm of a measured analogue 
signal on the basis of waveform data, into which 
the measured analogue signal is digital-conver- 
ted by means of an analogue to d^ital converter, 
comprising: 40 

displaying means (1 9) for effecting the dis- 
play while contrdling the brightness of pixels; 

a pbcel memory (16) for outputting the 
brightness of pbceis to said di-splaying means; 
and 45 

brightness accumulating means (K) for 
writing a plurality of Interpdation lines in said pbcel 
menrwry, accunuilating the brightness thereof by 
superposing them on each oth^ 

wherein a compressed waveform is dis- so 
played by brightness modulation. 



2. A wavefbnm dteplaying device according to aalm 
1. further comprising interpolation line brightness 
generating n>eans (J) for determining the bright- 55 
ness of the Interpdation lines by using differ- 
ences between wavefonm data, wherein the 
brightness fbr every Interpdation line obtained by 
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